Copper films (210-1650 A) were deposited onto glass microslides by vacuum evaporation. The films were subjected to heat treatment at a constant rate and the variation of electrical resistance with temperature was measured. The defect density and activation energy were calculated for different thicknesses from the knowledge of the change in electrical resistance with temperature and time. The defect density, Fo (E)max, varies from 17.2 to 6.05 #S2.cm eV -1 in the thickness range 210 1650 A whereas no appreciable variation in the activation energy is observed.
INTRODUCTION
The electrical conductivity of thin metal films differ markedly from that of the bulk specimen. This difference increases with decrease in film thickness, a'2 Earlier workers 3 -a have reported the dependence of the resistivity and temperature coefficient of resistivity (TCR) of noble metals on thickness. During the atomistic condensation process of the film formation, numbers of lattice defects are incorporated, which depend upon the evaporation conditions. Thus the incorporated impurities and structural defects formed during deposition, reduce the electron mean free path in thin films, and contribute considerably to the enhancement of the electrical resistivity. By the process of annealing and ageing the defects in the trims can be removed. A number of theories 9-aa have been proposed to evaluate the defect density and activation energy and several authors a2-a9 have applied Vand's theory 1 to metals and alloys. In the present investigation, using Vand's theory, the thickness dependence of defect density and activation energy have been studied on copper films.
The films of different thicknesses required for the present study were prepared by thermal evaporation of pure copper (99.99% Balzar, Switzerland) onto well cleaned glass substrates at room temperature. During the evaporation the pressure was maintained as 2 10 -s Torr. The maximum increase in the temperature during the deposition was always approxi-171 mately 4C. For measurements, the temperature of the trim was increased at a constant rate (68 K h-a ). 4 When the temperature was increased continuously, the resistance initially remains constant and then decreases. The rate of decrease was slow at first and then faster at higher temperatures. The observed decrease in resistance with temperature shows that the contribution to the resistance due to the removal of the defects is greater than that due to thermal vibration of the lattice. The temperature of the film was gradually increased to the annealing temperature, when the fall of resistance becomes a minimum, and then lowered. During the second cycle of heating and cooling the change of resistance with temperature was linear and retraceable i.e., the variation is purely due to the thermal vibration of the lattice.
Vand's theory 1 was applied to our experimental data and the lattice distortion energy spectra were calculated for copper f'rims of different thicknesses. Vand postulated that the distortions whose decay is observed during annealing are of the 'combined type', i.e., lattice vacancies and interstitials are in close proximity to one another. Independent vacancies and interstitials will need to diffuse large distances in the film to meet and annihilate one another or to migrate to the surface and these processes will require large activation energies. It is suggested that the contribution of independent vacancies and interstitials with regard to the decay observed during annealing is negligible. However the 'combined type' of distortions require only low activation energy, lz'a'6,7,9 i.e., the defects will only need to diffuse over short distances. Therefore the observed irreversible resistance change in our investigation can reasonably by attribu- ted to the combined type of distortions. For the elimination of the combined type of defects, the required energy will be E which can vary from zero all the way to the activation energy for self-diffusion, depending on the structure of the defect. 
Fo (E) p(E)No(E). From the analysis, Vand shows
that dp Fo(E) kU dT where k is the Boltzmann constant, dpi/dT is the change in the impurity resistivity of the film with temperature during the first cycle of heating and u is a function of decay energy E(E ukT) and the temperature T. U can be defined as u(u +2) (u+l) and u + log u log 4nt/)max, where/)max Debye out-off frequency for the lattice; t time taken to reach the particular temperature at which dpi/dT is measured and n number of atoms that can initiate the decay of defect. The number n can vary between wide limits from unity upwards. For the combined type Vand has estimated the value of 'n' to be of the order of 10. By successively approximating the relation connecting u and 4nt/)max and knowing the time t, U can be calculated and hence from the experimental data, Fo (E) and the activation energy E can be obtained.
From Mattheissen's rule, R R + RT, where R is the resistance due to defects and RT is that due to lattice vibration, dRi/dT can be calculated knowing dR/dT from the first cycle of the heating curve and dRT/dT from the constant slope after annealing. The calculation of the change in the impurity resistivity with the change in temperature (dpi/dT) during the first cycle of heating has been dealt with in detail elsewhere. 16'17 Knowing the values of dpi/dT, U and k, both Fo(E) and E were calculated and a plot of Fo(E) versus E is drawn ( Figure 5 ) for all the films.
The plot in Figure 5 shows 
